While PIWI-interacting RNAs (piRNAs) are primarily recognized as guardians of genome integrity, new functions of these small non-coding RNAs are emerging. In this issue, Kim et al. (2018) describe a piRNA-based mechanism that limits axon regeneration in C. elegans.
Despite continuous research efforts and significant progress, achieving regeneration of axons after trauma in the adult brain and spinal cord remains at a tantalizing distance. Environmental factors such as glial scar and myelin debris have been regarded as the key impediments to axon regrowth and reestablishment of functional circuitry. However, strategies to counteract these external constrains have failed to support functional recovery of injured axons. This has progressively led to the realization that axon regeneration is also controlled by intrinsic neuronal features that limit the regenerative ability of neurons. Harnessing these findings heralded new approaches to promote recovery after injury, by easing the internal brake on axon repair and improving functional outcomes in the central nervous system (He and Jin, 2016) . The lab of Yishi Jin has now added a new and unexpected pathway to the intrinsic signaling mechanisms that negatively regulate axon regrowth after injury.
In this issue of Neuron, Kim et al. (2018) present evidence for an intrinsic repressor of axon regeneration that is based on the PIWI-interacting RNA (piRNA) pathway. Discovered in 2001, piRNAs have an evolutionary conserved role in silencing mobile DNA elements in the germline, where their expression is most abundant (Weick and Miska, 2014) . At the molecular level, piRNAs diverge from other small non-coding RNAs in terms of processing mechanisms and protein binding partners. Whereas the biogenesis of miRNAs and siRNAs depends on double-stranded RNA precursors, piRNAs originate from single-stranded RNAs and, as a result, are processed to maturity via an alternative route. Once generated, piRNAs bind to PIWI (P element-induced wimpy testis) proteins, Argonaute family members with an endonuclease or ''slicer'' activity. In association with PIWI proteins, piRNAs repress the expression of their targets through transcriptional or post-transcriptional gene silencing (TGS or PTGS, respectively). While the roles of piRNAs in the gonads and other stem cells were the first to be elucidated, there have been indications that the piRNA pathway is present and functional in terminally differentiated cells, especially in neurons. piRNAs and PIWI proteins have been found in the nervous system of different species (Lee et al., 2011) , and neuronal piRNAs have been linked to long-term synaptic facilitation in Aplysia (Rajasethupathy et al., 2012) .
In their study, Kim et al. (2018) made use of the powerful genetic tools available in Caenorhabditis elegans to test whether the piRNA pathway was involved in the regeneration of adult sensory axons after laser axotomy. Their analysis revealed that animals deficient in a subset of components involved in regulating piRNA transcription, maturation, and secondary amplification showed increased axon regeneration responses 24 hr after the injury versus controls. In contrast, deficiency in elements of the nuclear transcriptional silencing branch of the piRNA pathway did not significantly change axon regeneration. In other words, the findings reveal that the piRNA pathway inhibits axonal regeneration and that this occurs likely through PTGS rather than TGS (Figure 1 ). Another intriguing observation was that the RNAdependent RNA polymerases EGO-1 and RRF-1, known to work redundantly in the piRNA pathway (Sapetschnig et al., 2015) , do not impact axon regrowth after injury in the same way, highlighting functional differences between the two proteins that were previously unappreciated.
The second part of the study is focused on two pivotal factors for piRNA expression and maturation, PRDE-1 and PRG-1. PRDE-1 is a nuclear protein necessary for piRNA precursor biogenesis, while PRG-1, the only functional C. elegans PIWI homolog, is required during the subsequent maturation steps of piRNAs and target recognition (Weick and Miska, 2014) . The impact of PRDE-1 on axon regeneration was particularly puzzling given that its function has until now been connected exclusively to fertility mechanisms in the germline (Weick and Miska, 2014) . A critical point to address was thus whether the inhibition of axon regeneration elicited by PRDE-1 occurred as a consequence of a noncell-autonomous effect of the gonads. Kim et al. (2018) resolved this potentially confounding problem by conducting the same axon injury procedure as before, but this time in animals in which the gonadal precursor cells had been ablated during early larval development. The result of this experiment showed that heightened axon regrowth rates persisted in prde-1 mutants subjected to gonad ablation, elegantly allowing the investigators to conclude that PRDE-1 limits axon regeneration independently of its actions in the gonad. Not only that, but sensory neuron-specific knockin expression of PRDE-1 in prde-1 mutants is sufficient to revert axon regrowth to wild-type levels, supporting a cell-autonomous role for PRDE-1 in axon regeneration.
PRG-1 is the active endonuclease in the PTGS branch of the piRNA pathway in C. elegans, and Kim et al. (2018) found that its slicing activity was required to inhibit axon growth after injury, again strongly suggesting that PTGS regulates axon regeneration. But which are the relevant piRNAs and what might be their mRNA targets that are repressed by the piRNA pathway in injured neurons? This is a challenging question, given that the number of piRNAs (>16,000 in C. elegans and up to a staggering 50,000 in other species) rivals the number of mRNAs expressed in these neurons. The availability of transcriptome datasets for sensory neurons might direct future efforts to define the molecular players behind this inhibitory straitjacket on axon regeneration and provide rewarding answers in the quest to selectively impair their activation.
Axon regeneration has been shown to involve RNA-dependent process including local protein synthesis within the axons (Perry and Fainzilber, 2014) . Given that piRNA-like small non-coding RNAs (piLRNAs) are also found specifically localized to injured axons of rats (Phay et al., 2016) , it will be interesting to know whether the pathway identified here also acts on a local level.
A question left open in this study is whether the piRNA pathway controls axon growth only in injured axons, or whether it is also involved in axon growth during neurodevelopment, as pathways regulating axon regeneration are sometimes reactivated developmental mechanisms (Chisholm et al., 2016) . It will be interesting to study the effect of loss of function of PRDE-1 or PRG-1 on axon development in C. elegans to determine whether the same is true for the piRNA pathway.
Given the generally poor conservation of piRNAs and the piRNA-processing engine across species, it will be interesting to examine the extent to which this process is employed in vertebrates. A recent report implicating a PIWI-like protein in a rat in vitro model of axonal injury (Phay et al., 2016) does however suggest that this might be an evolutionarily conserved inhibitory mechanism on axon regeneration-an inquiry the field will most likely prioritize in the coming years.
